It is unusual for a relatively mature field such as nuclear medicine to see an innovation akin to a new imaging modality.
Although in its preliminary stages, the work by Tai et al. (1) on pages 471-479 of this issue of The Journal of Nuclear Medicine describes a novel concept that could be considered as such. Whole-body PET might have enjoyed a dramatic market penetration and growth in the clinical oncology imaging field in recent years (2) , but PET overall is by no means new. The tomographic application of annihilation radiation emanating from positrons in its basic form has been with us for more than 32 y (3). Many
See page 471 significant advances in the technology have occurred in this time, such as the invention of the block detector (4), the advent of whole-body PET (5), fully 3-dimensional data acquisitions (6), fast and dense scintillators (7), the combination of PET with CT (8) , and the promising combination of PET with MRI (9) . Time-of-flight PET, which has enjoyed a renaissance recently, has also been with us as a concept for a long time (10) . Overall though, most of the advantages of PET over singlephoton imaging techniques have been known from the early stages, especially in the lack of the need for a collimator and the resulting high sensitivity and spatial resolution, with some of the disadvantages, such as increased cost and complexity among others.
The article described here (1) takes a fresh look at the very fundamental geometric implementation of PET and makes use of what others have tried to avoid as an artifact, creating the advantage of a new flexible imaging mode. This mode is introduced as ''virtualpinhole PET'' (VP-PET) and is based on the fact that a setup with asymmetric detector sizes creates a region with high spatial resolution near the small detector. High-spatial-resolution clinical PET tomographs existed in the past (11, 12) but were limited in their capability due to photon noncolinearity (13) . This effect, for a symmetric detector setup, limits the spatial resolution of the data to 2.2-mm full width at half maximum for a tomograph with a clinical bore size (;1 m). In the design proposed here, annihilation photon noncolinearity plays a significantly reduced role, and the result is the possibility for a customized tomographic gantry that can provide very high spatial resolution for localized regions of the human body that are close to the surface. This advance, for the first time, introduces into PET the geometric considerations and the associated magnification advantages of pinhole SPECT. Because of the similarities between this imaging mode and the data acquisitions of pinhole SPECT, the authors coin the technology VP-PET. This capability opens up new horizons for implementation in applications that might benefit from high spatial resolution, such as breast cancer imaging and involvement of lymph nodes and the immune system (14) . This almost obvious, simple, and elegant geometric solution might be surprising to many who have been working on dedicated PET instruments such as mammography systems (15) . The increased spatial resolution comes at a cost of two other performance parameters in a similar fashion as for pinhole SPECT-namely, field-of-view (FOV) coverage and photon detection sensitivity. With respect to the latter, the inherent advantages of PET in the lack of a physical collimator, and the possibility to use multiple near high-resolution detectors, could perhaps lead to significantly higher sensitivities than those presented here, although this has not been demonstrated in this work. The use of multiple detectors is a very similar approach to the use of multiple pinholes in SPECT (16) . The reduction in the useful FOV might not necessarily be a significant drawback, as the intended use of this imaging modality could be viewed as an adjunct or a magnifying tool for a specific region of interest instead of a replacement of whole-body PET. It is entirely conceivable that after a diagnostic whole-body PET survey, one can determine a location of interest and then focus on the signal emanating from it without the need for additional injection of radiopharmaceutical. With this focused approach, in principle, one can also afford to spend more time in the small region than in any other individual location during the broad PET survey, ameliorating the possible decrease in sensitivity. In this sense, VP-PET is expected to work synergistically with the more traditional whole-body scanners and imaging protocols. Additionally, this technology could find its application in animal imaging. Tomographs with very high sensitivity and spatial resolution are designed with small bores, making imaging of larger animals difficult, if not impossible. The approach presented here could allow imaging of primates, for example, at higher spatial resolution than is possible with a clinical tomograph.
The work described here (1) does not discuss specific implementation issues or possible gantry designs. It also does not touch on the issue of whether there is a real need or benefit from fully tomographic acquisition. For example, this imaging mode could certainly be used for ''fanbeam'' projection imaging of body regions, with the advantages of high-sensitivity coincidence detection, high resolution for near objects, and coverage of regions that dedicated mammography PET systems cannot access. Though if tomographic imaging is desired, it is unclear how one could increase the angular coverage toward a complete tomographic data acquisition, without significantly affecting the detection efficiency between the high-and lowresolution detectors and for covering regions that are not close to the body surface. On the other hand, an increase of the amount of total detector material around the patient, in combination with coincidences within a high-resolution as well as a low-resolution detector gantry, should increase the fraction of the overall detected coincidences, thereby increasing the system sensitivity. This concept of course ignores specific implementation realities such as the need for physically complete photodetectors with associated electronics, adjacent or optically coupled to the scintillator material. Coupling of the high-resolution detectors through optical fibers would not be ideal, as they would introduce additional photon attenuation. Silicon-based solid-state photodetector technology though is approaching practical use, and its application (17) would obviate the need for this complexity. Other issues are clearly in need of additional work in a similar fashion that 3-dimensional PET acquisitions necessitated the development of new image reconstruction algorithms (18) . For example, the inclusion of data with nonstandardized spatial sampling and detector efficiency increases the complexity of the image reconstruction algorithm, the normalization process, as well as the scatter radiation fraction-issues that are also not touched in this work. It is expected that if the benefits of this new imaging mode in both spatial resolution and sensitivity are clearly demonstrated, new innovative solutions that will address the implementation will arise.
Despite these shortcomings at this preliminary stage, this work marks the opening of new possibilities in this ever-changing imaging field. Though many aspects of the applicability of this approach to different types of studies will need to be further investigated, this technology seems indeed to be promising.
